Objective -To investigate the frequency of positive findings within the lung bases during abdominal ultrasound (US) examinations in children with referral diagnosis not suggesting pulmonary disease. Materials and methods -A retrospective study included all children with abdominal US performed within 2 years by a single pediatric radiologist in the regional children's hospital. Of all examined children, 22 (mean 7.4 y, SD=4.2 y) had pathological findings detected within the lung bases, without referral diagnosis suggesting a pulmonary pathology. Each abdominal US included a trans-abdominal (trans-hepatic and trans-splenic) approach to both lung bases. Results -While performing abdominal US a detected pulmonary pathology included: 19 pneumonias and 3 pleuropneumonias, with the most common referral diagnosis being abdominal pain (15 children), followed by nausea and vomitting (3 children), febrile convulsiones (2 children), exacerbation of juvenile arthritis (1), and a routine follow-up a day after hydrostatic reduction of ileocolic intussusception (1). In outpatients with referral diagnosis of abdominal pain, 0.95% had positive lung base US findings. Conclusion -Each radiologist should be aware of the potential pathological finding within the lung bases when performing abdominal ultrasound in children. Its detection might have a serious impact on the patient's treatment.
Introduction
Abdominal ultrasound (US) in children represents one of the most frequently used diagnostic radiological procedures in daily clinical practice, with the most common referral diagnosis being acute abdominal pain. The causes of acute abdominal pain in children which stand out are: constipation, mesenteric lymphadenitis, acute appendicitis, gastroenteritis and ileocolic intussusception (1) . However, the causes of acute abdominal pain in children can also be of extra-abdominal origin, of which pneumonia is the most prominent one (2, 3) . Pneumonia can also be found as an "accidental" finding in other conditions that demand an abdominal US evaluation. Accurate and prompt diagnosis of pneumonia is essential to implement early antibiotic therapy and prevent its complications, such as pleural effusion, necrosis and abscess formation (2) . Although US was for a long time considered inadequate for the evaluation of pathological changes within the lungs, numerous studies over the last two decades have shown that US is not only an entirely valid method in the diagnostics of lung diseases, but in the diagnostics of pneumonia even more sensitive compared to chest X-ray (CXR) in the adult, and especially in the pediatric population (4) (5) (6) (7) (8) (9) (10) .
While performing an abdominal US it is possible to transhepatically and transsplenically visualize both lung bases, as well as the pathological changes within them. However, during the US examination of the abdomen, the lung bases are often not in the primary focus of the investigator, so a positive finding can be overlooked, especially if the referral diagnosis does not suggest the existence of pulmonary pathology, and/or if the ultrasonographer is not experienced enough.
This study represents the experience of a single pediatric radiologist at a regional children's hospital. Its aim is to investigate the frequency of positive findings within the lung bases during abdominal US examinations in children with referral diagnosis not suggesting pulmonary disease, and to emphasize the importance of careful examination of both lung bases while performing abdominal US in children.
Material and methods
A retrospective study was conducted at the regional children's hospital, comprising a two-year period (1 Jan 2013 -31 Dec 2014). The data for the number of abdominal US exams, both outpatient and inpatient, was retrieved from the Radiology Department protocols. In addition, the data for referral diagnoses under which the children were sent to abdominal US examinations were also retrieved from the former. Regarding the study group, an inclusion criterion was for the patients to have positive findings on lung bases visualized during the abdominal US, while the referral diagnosis did not suggest lung pathology.
A positive finding within the lung bases was detected using both the trans-hepatic and trans-splenic approach. All of the US examinations were conducted using Acuson S2000 and X300 (Siemens, Erlangen, Germany) ultrasound devices, with 5 MHz convex, and 9 MHz and 7.5 MHz linear probes. In patients with positive trans-abdominal US findings within the lung bases, the transthoracic US approach to the lungs and pleura was also used.
The normal finding was visualized as a supradiaphragmatic projection of the liver or spleen (Fig. 1) , which is based on the "mirror image" phenomenon (11, 12) . The criteria for abnormal ultrasound findings within the pulmonary bases were: the existence of a consolidation of the lung parenchyma, pleural effusion, alveolar-interstitial edema (area of compact B lines), or combinations thereof. Vertically oriented "comet-tail" artifacts, called B lines, in trans-abdominal US appearance of lung bases, spread from the hemidiaphragm to the bottom of the screen, are hyperechogenic and clearly defined (Fig. 2 ).
They are a result of the accumulation of fluid in the subpleural interlobular septa surrounded by air (13, 14) . A pneumonia-positive was considered each US finding of subpleural consolidation with air-bronchogram (Fig. 3) , as well as consolidation with adjacent area of B lines, or focal area of compact B lines. In children with positive US finding within the lung bases, in which the pediatrician or pediatric surgeon indicated CXR, we compared US and CXR findings, if the time interval between these diagnostic procedures was not longer than 2 hours. The most common referral diagnosis for outpatients and inpatients with abdominal US was found.
In the study group the prevalence of different referral diagnoses, as well as the distribution of the most common intra-abdominal pathological findings were calculated. In this group of patients, distribution of different lung base pathological findings was detected as well. The frequency of positive findings within the lung bases during abdominal US
Fig. 2 Compact pattern of hyperechogenic B lines observed transhepatically within the right lung base, representing an alveolar-interstitial edema (AIE). L -liver.
in the group of outpatients, and in the group of outpatients with abdominal pain was calculated.
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Results
During the two-year period, one pediatric radiologist performed 1509 abdominal US examinations in the inpatient children and 2979 US in the outpatient children, which is 4488 abdominal US examinations in total in 2013 and 2014. Abdominal pain was the most common referral diagnosis -in 1469 examined patients (1257 outpatients, 212 inpatients), or 32.7% of all abdominal US examinations.
Over the two-year period, in 22 children aged 5 months to 17 years (average age 7.4 years, SD=4.2 years, 15 males and 7 females) with abdominal US examination performed, positive US findings within the lung bases were found, for whom referral diagnoses did not suggest the existence of pathology originating from the respiratory tract. The referral diagnoses for this group of children were: abdominal pain (15 children), nausea and vomiting (3), febrile convulsions (2), exacerbation of juvenile arthritis (1), and in one child routine follow-up US of the abdomen and pelvis was performed the day after the successful hydrostatic reduction of ileocolic intussusception.
While performing the US examinations of the abdomen the following pulmonary pathologies were detected: 19 pneumonias (Fig.   4 , 5) and 3 pneumonias complicated with pleural effusion. Of the positive abdominal US findings within the study group, the following stand out: splenomegaly (14 children), mesenteric lymphadenitis (13), ascites Of the 22 children with positive lung base US findings, 18 were outpatients and 4 were inpatients. For every 165 outpatients one had a positive lung base US finding for pneumonia/pleuropneumonia, which amounts to 0.6%. Of the 1257 examined outpatients with referral diagnosis of abdominal pain, 12 had positive lung base US findings for pneumonia/pleuropneumonia, i.e. 1 in every 105 examined patients, or 0.95%. Three patients underwent CXR, and lung US findings were confirmed for all of them. In one patient the finding was positive only transabdominally, i.e. transsplenically, while the trans-thoracic approach showed a normal finding (Fig. 6 ).
Discussion
Lung and pleura ultrasonography is emerging as a complementary method in recent years, primarily to CXR, but, in some segments, even to CT, which is the golden standard in the diagnostics of pulmonary diseases (4-10, 13, 15-20) . However, this method is still not regularly applied in a large number of diagnostic centers.
In the course of the US examination of the abdomen, the trans-abdominal evaluation of costophrenic angles is already recognized, i.e. the eventual presence of pleural effusion in them, but often, in everyday clinical practice, the great potential of the evaluation of pathological changes within the lung parenchyma of the lung bases is ignored. The aim of this research was to point out the importance of the trans-hepatic and trans-splenic evaluation of lung bases when performing the abdominal US.
Trans-abdominal US examination of the lung bases is based on the acoustic phenomenon of "mirror image" (11, 12) . The ultrasound waves which are transmitted through the tissues are subject to reverberation (reflection), refraction, dispersion and absorption. The number and proportion of the occurrences of these physical phenomena depends on the type of tissue, the frequency of ultrasound waves, the ratio between the wavelength and size of the target object, the object surface orientation in space and the acoustic
Fig. 6 A 13-year-old boy came as an outpatient to the Pediatric Emergency Department with abdominal pain and fever; (a) -During abdominal ultrasound a small area of consolidation (arrows) with the surrounding B lines was detected transsplenically. N -area of normal US finding of the left lung base, S -spleen. Transthoracically this consolidation has not been observed. (b) -Left-sided pneumonia was confirmed on CXR (arrows).
resistance of the medium through which the ultrasound beam passes through (12) . In children with normally aerated lungs, there is a full reflection of the ultrasound beam when reaching the boundary between the diaphragm and the lungs. After another reverberation on the liver parenchyma or spleen, US waves are transferred back to the phreno-pulmonary border and then returned to the US probe. The receivers in the probe cannot reconstruct the exact route of the US beam transmission, so the "lesion" is localized above the diaphragm, at a distance that corresponds to the echo return time. Therefore, a supradiaphragmatic projection of the liver or spleen is seen.
When the parenchymal disease propagates to the pleura, an acoustic window is formed and this creates a transmission of an ultrasound beam, enabling the evaluation of lung tissue (13) . Pulmonary consolidations, hence, may be detected transabdominally only if in contact with basal pleura (12) . During the two years of work of a single pediatric radiologist, it was noted that abnormal findings within the lung bases were found in 22 patients, in whom the referral diagnosis did not in any way suggest the existence of a pulmonary pathology. Most of the referral diagnoses in this group of children concerned abdominal pain, and pneumonia is, in several studies, referred to as the most common extra-abdominal cause of the abdominal pain (2, 3, 21) . Our study revealed 0.95% prevalence of pneumonia in outpatients with abdominal pain, which is lower than it is reported in the literature -1.6% to 2.2% (2, (22) (23) (24) . The reason for this might be the fact that by the US trans-abdominal approach it was possible to detect only pneumonic areas which abutted the basal pleura. Diagnosis of pneumonia in these children is of particular importance in everyday clinical practice, since it puts a physician-clinician on the right track for treatment, i.e. it contribudes to the timely diagnosis and treatment of these children, as well as prevents the development of complications (pleural effusion, necrosis, abscess) which prolong the treatment period, increase the number of hospital days, treatment costs, are treated by combinations of several antibiotics, and, most importantly, in some cases, they can have lasting effects. Naturally, with timely diagnosis the number of negative laparotomies should decrease (2) . The greatest number of children in our study had splenomegaly along with pneumonia, as well as mesenteric lymphadenitis, which is considered one of the most common causes of abdominal pain in children (21, 25) . Additionally, one of the causes of abdominal pain is irritation of the diaphragmatic, basal pleura, which was probably the cause of pain in three of the children with pleuropneumonia.
Pneumonia can, on occasion, be found accompanying serious, urgent abdominal pathology, which in our research was the case with three children (2 appendicitises and 1 ileocolic intussusception). The existence of pneumonia (2 patients) or pleuropneumonia (1 patient) in these children had a significant impact on the type and duration of the antibiotic therapy applied. Generally, in all patients with trans-abdominal US diagnosed pneumonia/pleuropneumonia in the region of lung bases, this finding brought a new and extremely important clinical information that had significantly influenced the clinical course and faster recovery of these patients. A few studies showed that lung ultrasound often provides clinicians with new information of great value for the treatment of patients, compared to other diagnostic methods (8, 13, 26) .
Our hypothesis that radiologists do not always pay enough attention to the pulmonary bases was the most clearly demonstrated in a child with intussusception. The initial US examination showed the existence of ileocolic intussusception, which was taken care the immediately after the diagnosis (hydrostatic reduction under US control), but not the existence of left-sided pneumonia, which was diagnosed at the follow-up US after less than 15 hours. Of course, hypothetically, it is possible that it developed during these 15 hours, but it still seems more probable that pneumonia existed. However, in searching for emergency abdominal surgery diagnosis, simply not enough attention was devoted to the evaluation of lung bases. The initial and follow-up US examinations were performed by different pediatric radiologists. In the great desire of radiologists to get a better, "full screen" display of liver and spleen for their better and more accurate evaluation, it is easy to overlook the important pathological changes within the lung bases.
In one child, our study showed that a finding within the lungs can be positive only transabdominally and completely negative transthoracically. Considering that the performer of the US examinations is an experienced pediatric radiologist in the field of lung US diagnostics, lack of experience cannot be blamed for the absence of trans-thoracic pneumonia visualization. This indicates that low trans-thoracic approach and the trans-abdominal approach are not the same, although often identified as such. Two of our previous studies have shown that transabdominal findings can be more extensive compared to the trans-thoracic, but so far we have not had the situation where positive US findings were detected using trans-splenic approach, whereas trans-thoracic approach showed a normal LUS pattern (8, 27) . We have noticed this situation only once on the right side, using trans-hepatic approach, and described the reason for it (28) . At this point, we do not have an explanation for this phenomenon within the left lung base, but we will search for it in the future studies.
This study has several limitations. In the available literature databases, studies dealing with this kind of research were not found. The possibility of comparing data from this survey with data from other studies was limited, because only those with somewhat similar topics were available. It was not possible to re-review previous abdominal US examinations in children with short interval follow-ups because we do not have a system for saving all the US images of every child, but only print a few specific images. Therefore, we cannot determine the reason why the lesions were not identified on the initial US exam (incomplete inclusion of the lung bases, interpretation error?). Also, CXRs were not performed in all children with the US detected pneumonia, which depended on the clinical practitioner's decision. Lung ultrasound is widely excepted in our hospital, and most of the time, when the US finding is pneumonia-positive, CXR is avoided, especially when the US finding is supported by clinical finding and laboratory data.
Conclusion
In conclusion, every radiologist should be aware of the potential pathological findings within the lung bases, which can be detected by carefully performed ultrasound examination of the abdomen. These findings are not very common, but can have a very significant impact on the clinical course and treatment of the child. The trans-abdominal ultrasound approach might sometimes provide additional information about the lung bases, even when compared to a standard trans-thoracic approach. The protocol for the abdominal ultrasound examination, especially in children with acute abdominal pain, should include the examination of the lung bases.
What is already known on this subject
Lung ultrasound is already recognized as an extremely useful diagnostic tool in detecting pneumonia in every day pediatric clinical practice. The causes of acute abdominal pain in chil-
